In a recent article published in the JournaL of Histochemistry and Cytochemistry, Watanabe et al. (19). evaluated the performance of a video image processor (IP) in quantification of the final reaction product of three different immunohistochemical methods generated by conversion of diaminobenzidine through peroxidase activity. The authors used a chargecoupled device (CCD) video camera and compared results expressed as nmol antigen/cm3 tissue calculated on the basis of IP or cytophotometer readings using tissue sections and measurements in homogenates of the same tissues with the use of ELISA. Data obtained with each of the methods correlated extremely well. On the basis of these and other validation experiments, it was concluded that quantitative analysis with IP allows estimation of numbers of antigen molecules per unit volume of tissue. However, a number of conclusions made by the authors with respect to the quantification procedures by IP puzzled me. In their comparative work, the authors (a) used gray levels of inverted images as photometric readings from IP; (b) asserted that the IP method ". . . requires no logarithmic conversion to obtain gray levels, indicating that the effect of distributional error can be ruled out . . ."; (c) argued that the use of IP does not require ". . . complicated procedures for determination o f . . . a standard curve"; and (d) concluded that "The intensification of staining intensity by the ABC reaction was adequate, whereas that by PAP reaction was inadequate for quantitative analysis."
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All of these points appear misleading to me. and I would like to discuss them here.
Points a-c all deal with conversion of absorbance to gray levels, and unnecessary complexity is introduced here in the procedure of photometric measurements by IP. A CCD sensor can be considered as an array of tiny elements (potential wells or pixels) behaving as individual photometric sensors. When struck by light, each well accumulates a number of electrons proportional to the incident light. These analogue "luminance" values are transformed by a frame grabber to gray levels and are stored in the computer memory ( 5 ) . Luminance is approximately linear with the intensity of incident light, and gray levels are 'therefore linearly related to uansmission (T). In their article, Watanabe et al. (19) used gray levels of inverted images (range 0 = black to 255 = white) as photometric units from IP. Image inversion is performed by subtracting the actual gray level of each pixel from 2 5 5 . This means that the authors should have obtained a measure roughly proportional to "1-T" (absorption), not to "log UT" (absorbance).
The positive and linear correlation between IP gray levels and microphotometric absorbance values (Figure 2 in 19) indicates that logarithmic conversion (i.e., gamma much less than 1) was switched on in the video camera before sending the signal to the frame grabber ( 5 ) . Logarithmic amplification is generally used to increase resolution in real-time low-light imaging but rarely in photometry (8.18) . Logarithmic amplification produces output gray levels that are more or less proportional to the log of input luminance, i.e., to log T. Log T is negatively related to absorbance (r = -1).
and therefore "255-gray level" has to be positively related to absorbance. If this is true, the assertion that "image processing requires no logarithmic conversion to obtain gray levels" is at least misleading, and the authors should correct this by specifying which gamma function was inserted in the video camera. On the other hand, if a gamma = 1 was adopted, an explanation is necessary to clarify why the I-T signal from IP was linearly proportional to the absorbance (log 1IT) of the cytophotometer.
I would like to strongly discourage the use of unusual "proprietary" photometric units, i.e., mean gray levels of inverted images and the use of a single point adjustment for a non-linear output, as used by Watanabe et al. (19) . Photometric readings should be correctly expressed in transmission or absorbance units, as generally accepted in analytical chemistry and cell biology (2,6,10,16). To guarantee precise photometric absorbance measurements with CCD cameras, simple and fast methods allow preparation of a linear standard curve to convert gray levels to transmission or absorbance values using a few optical density filters in a single field (3,5,7,13,15) or a single filter in multiple fields (1). A somewhat more complicated calibration curve is necessary in using logarithmic amplifiers or any other device with a non-linear output (3, 8, 9, 17) , With respect to the immunocytochemical methods (Point d), I would like to point out some detailed methodological studies indicating that PAP complexes are preferred to the much larger ABC complexes for quantification of immunocytochemical reaction products in cells (4, 14) . It is surprising to find a lower performance of the PAP technique in a case of medium to low antigen concentrations, such as that reported by the authors (19) . This point also needs to be discussed more thoroughly, to convince the reader that the poor performance of the PAP method was not due to suboptimal concentrations of antibodies or any other methodological error (11~2).
